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(^ Discharge tube. 

(57) A discharge tube for emitting light of the 
present invention includes an inner bulb (4) 
including a hollow portion (42) for defining 
therein an arc discharge chamber which en- 
closes therein gas for emitting light, the inner 
bulb further including a pair of electrodes 
(41a,41b) and a pair of metal members 
(43Ba,43Bb) each of which is connected to a 
corresponding one of the pair of electrodes 
(41a,41b] , the pair of electrodes being projec- 
ted In the arc discharge chamber (42*) from the 
inner bulb (4) and the pair of metal members 
(43Ba,43Bb) being projected outwardly of the 
inner bulb (4) the hollow portion (42) having an 
outer diameter of a first value and an outer tube 
(5) for sealingly enclosing therein the inner bulb 

(4) , the outer tube (5) including a small-diameter 
portion having an outer diameter of a second 
value which is equal to or smaller than the first 
value, wherein the inner bulb (4) is held in the 
interior of said outer tube (5), with a gap being 
formed between an outer surface of the inner 
bulb (4) and an inner surface of said outer tube 

(5) , in such a manner that the outer tube (5) 
supports the metal members (43Ba,43Bb) pro- 
jected outwardly of the inner bulb (4). 
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The present invention relates toa discharge tube, 
a light source employing the discharge tube, and a 
method of producing the discharge tube. 

A discharge tube such as a metal vapor dis- 
charge tube is conventionally used for a light source 
employed in a liquid crystal (LC) projection device in 
which the light source irradiates an LC panel with light 
to thereby project an LC imc:ging light onto a screen. 
The discharge tube is generally of a double-tube 
structure in which an inner bulb is sealingly enclosed 
in the interior of an outer tube. The inner bulb is 
formed with an arc discharge chamber in which a pair 
of electrodes are sealingly enclosed to be opposed to 
each other. The pair of electrodes serve to generate 
arc discharge therebetween in the arc discharge 
chamber so as to generate light. The inner bulb Is 
sealingly enclosed in a cyiindrically-shaped outer 
tube. The interior of the outer tube Is in a vacuum state 
or is filled with a small amount of inert gas so as to 
thermally insulate the inner bulb enclosed In the outer 
tube from atmospheric outside, to thereby enhance 
heat accumulating capacity of the inner bulb. The dis- 
charge tube of the double-tube structure therefore 
has the following great advantage relative to a dis- 
charge tube of a single-bulb structure in which the in- 
ner tnjlb is not enclosed in the outer tube but is ex- 
posed to an atmospheric outside. That is, the volume 
of the inner bulb (i.e., the volume of the arc discharge 
chamber of the inner bulb) of the double-tube struc- 
ture type attainable of a desired light emission effi- 
ciency with a rated electrical power is larger than that 
of the single-bulb structure type attainable of the de- 
sired light emission efficiency with the same rated 
electrical power. In other words, in the discharge tube 
of the double- tube structure, it is possible to attain the 
desired light emission efficiency with the rated elec- 
trical power, with the inner bulb of a larger volume, rel- 
ative to the discharge tube of the single- bulb struc- 
ture. Accordingly, the total area of the inner surface 
of the inner bulb of the double-tube structure be- 
comes larger than that of the single-bulb structure. In 
the case where the discharge tubes of the double-tu- 
be structure and of the single-bulb structure are op- 
erated for the same period of time, the same amount 
of the matters are spattered on the inner surfaces of 
the Inner tubes. Accordingly, even in the case where 
the discharge tubes of the double-tube structure and 
of the single-bulb structure are operated for the same 
period of time, the amount of the matter spattered on 
an inner surface of the inner bulb of the double-tube 
structure per unit area becomes smaller than that of 
the mutter spattered on an inner surface of the inner 
bulb of the single-bulb structure per unit area. There- 
fore, the life time of the discharge tube of the double- 
tube structure becomes larger than that of the single- 
bulb structure. 

In order to produce the above-described dis- 
charge tube of the double-tube structure, the inner 



bulb is Inserted into the interior of the outer tube from 
one of a pair of end portions of the outer tube, and the 
end portions of the outer tube Is sealed. 

Japanese Unexamined Patent Application Pub- 

5 lication Nos. 61-78044 and 3-37951 disclose the dis- 
charge tubes of the double-tube structure type. In the 
discharge tube disclosed in the publicatfon No.61- 
78044, an air suction pipe is sealingly passed through 
a sealing portion which Is formed at one end of an out- 

10 er tube thereof through pressure deformation treat- 
ment so that one end of the air suction pipe is posi- 
tioned in the interior of the outer tube. A lead wire 
which is connected, at its one end, to an inner bulb is 
tied, at its other end, on the end of the air suction pipe 

15 positioned Inside of the outer tube. Thus, the inner 
bulb is held in the interior of the outer tube in such a 
manner that the inner bulb is supported via the lead 
wire on the air suction pipe. 

In the discharge tube disclosed in the publication 

20 No.3-37951, a tip end of the air suction pipe is pro- 
jected inwardly of the outer tube from one and there- 
of. An inner bulb is supported via a mounting member 
on the tip end of the air suction pipe so that the Inner 
bulb is held in the interior of the outer tube. 

25 Each of the above-described discharge tubes of 

the publication Nos.61-78Q44 and 3-37951 has, how- 
ever, such problems that the inner bulb supporting 
mechanism thereof is intricate in its structure and 
therefore has a low strength. 

30 In order to solve the above-described problem, a 

discharge tube as shown in Fig. 1 has been proposed. 
The discharge tube 72 shown in Fig. 1 is of the dou- 
ble-tube structure in which an inner bulb 76 is sealing- 
ly enclosed in a cylindrically-shaped outer tube 77. 

35 The Inner bulb 76 has a pair of columnar-shaped solid 
portions 80 for sealingly supporting therein a pair of 
electrodes 74 and a spherically-shaped hollow por- 
tion 75 defining a spherically-shaped arc discharge 
chamber 75' for enclosing therein xenon, metal vapor, 

40 or the like. The spherically-shaped hollow portion 75 
is positioned between the solid portions 80 so that 
the pair of electrodes 74 may be projected from the 
solid portions into the arc discharge chamber 75'. The 
pair of electrodes 74 serve to generate an arc dis- 

45 charge therebetween in the arc discharge chamber 
75'. A pair of lead wires 81 are connected to the pair 
of electrodes 74 embedded in the solid portions 80. 
The inner bulb 76 is held inside of the outer tube 77 
in such a manner that the pair of lead wires 81 thus 

50 connected to the electrodes 74 are sealingly support- 
ed by a pair of sealed portions 82 which are air-shield- 
ingly formed at both ends of the cylindrically-shaped 
outer tube 77. Thus, the inner bulb 76 is supported in 
the interior of the outer tube 77 via the pair of lead 

55 wires 81 in such a manner that the inner bulb 76 is not 
directly contacted with the outer tube 77. The Interior 
of the outer tube 77 Is in a vacuum state or Is filled 
with a small amount of Inert gas, so that the internal 
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bulb 76 is thermally Insulated from atmospheric ain 

The above-described discharge tube 72 is simple 
in its structure so that it is possible to easily decrease 
the size of the discharge tube 72. The strength of the 
discharge tube 72 can be enhanced. 

When the above-proposed discharge tube 72 is 
to be produced, the inner bulb 76 is first inserted into 
the cylindrically-shaped outer tube 77 through one of 
its opposed open ends. Then, the outer tube 77 are 
thermally deformed, attheopen ends, into the sealed 
portions 82 so that the pair of lead wires 81 may be 
sealingly passed through the sealed portions 82, re- 
spectively. As a result, the inner bulb 76 is supported 
in the outer tube 77 via the pair of lead wires 81 . 

The above-described discharge tube 72 has 
been proposed to be attached to a reflective mirror so 
that a light source may be produced, as shown In Fig. 
2. 

Fig. 2 illustrates a light source to be employed for 
an LC projection device. The LC projection device in- 
cludes the light source and an LG panel, and is posi- 
tioned relative to a wide screen in such a position that 
the light radiated from the light source may pass 
through the LC panel to be projected onto the wide 
screen. In the LC projection device, the light source 
radiates light onto an LC panel which displays a de- 
sired image thereon so that a desired imaging light 
may be projected from the LC panel onto the wide 
screen. 

As shown in Fig. 2, the light source 71 is con- 
structed by attaching the discharge tube 72 as shown 
in Fig. 1 to a parabolic reflective mirror 73. The dis- 
charge tube 72 is inserted, at its mounting portion 78, 
into an access through-hole 79 of the reflective mirror 
73, and is fixed thereto. The discharge tube 72 is at- 
tached to the parabolic reflective mirror 73 at such a 
position that a center position of the arc discharge 
chamber 75' may be positioned at a focal point F of 
the parabolic mirror 73. Light generated in the arc dis- 
charge chamb>er 75' proceeds in a forward direction 
of the reflective mirror 73 indicated by an arrow in Fig. 
2 (leftward direction in Fig. 2) or proceeds in a rear- 
ward direction toward the surface of the reflective 
mirror 73 (rightward direction in Fig. 2) to be reflected 
thereat and proceed forwardly. The light source 71 
therefore serves to radiate a parallel light beam in the 
forward direction (leftward direction in Fig. 2) so that 
the light beam may be effectively projected onto a 
surface of the LC display which is positioned forward- 
ly of the light source 71. 

It is noted that since it is necessary to insert the 
inner bulb 76 into the outer tube 77 through the open 
end of the cylindrically-shaped outer tube 77, the out- 
er diameter of the outer tube 77 of the discharge tube 
72 is larger than the outer diameter of the spherically- 
shaped hollow portion 75 of the inner bulb 77 as de- 
scribed above. Accordingly, the inner diameter of the 
access through-hole 79 of the reflective minor 73 



33 325 A1 4 

which is equal to or slightly larger than the outer di- 
ameter of the outer tube 77 is larger than the outer di- 
ameter of the hollow portion 75. The diameter of the 
access through-hole 79 is therefore large relative to 

5 the inner diameter of the arc discharge chamber 75'. 
Since the area of the access through-hole 79 con- 
fronting the arc discharge chamber 75' is thus large, 
a large part of the liyht beam radiated rearwardly from 
the arc discharge chamber 75' reaches the access 

10 hole 79 and fails to be reflected at the mirror surface 
73. the light source 71 therefore has a problem that 
it fails to effectively or fully direct the light beam emit- 
ted firom the discharge tube 72 forwardly to the LC 
display panel. 

15 Fig. 3 illustrates another conventional discharge 

tube of the double-tube structure type which is pro- 
posed In "Designing with Metal Halide Lamps" (pp.59 
- 68 of "ELECTRO-OPTICAL SYSTEMS DESIGN" 
published in March of 1981). The discharge tube 172 

20 is also in the double-tube structure including an inner 
bulb 176 and an outer tube 177 sealingly enclosing 
therein the inner bulb 176. The inner bulb 176 has a 
pair of columnar-shaped solid portions 180. In each 
of the solid-portions 180, an electrode 174, a pair of 

25 metal (molybdenum) foils 181 and 181' connected to 
one another are sealingly embedded in such a man- 
ner that the electrode 174 and the metal foil 181' may 
be projected from opposite ends of the each solid por- 
tion 180. The inner bulb 176 further has a substantial- 

30 ly spherically-shaped hollow portion 1 75 at a position 
between the pair of columnar-shaped solid portions 
180. The spherically-shaped hollow portion 175 de- 
fines therein an arc discharge chamber 175' for en- 
closing therein metal halide vapor gas and for gener- 

35 ating arc discharge between the electrodes 174 and 
174 which are projected in the arcdischarge chamber 
175' firom the solid portions 180. The outer diameter 
of the spherically-shaped hollow portion 175 is larger 
than that of the columnar-shaped solid portions 180. 

40 The outer tube 177 of the discharge tube 172con- 

sists of a hollow portion 182 for receiving therein the 
spherically-shaped hollow portion 175 of the inner 
bulb 176. The outer tube 177 and the inner bulb 176 
is continuously connected to each other in such a 

45 manner that the wall 182" of the hollow portion 182 
of the outer tube 177 is connected to the pair of col- 
umnar-shaped solid portions 180 of the inner bulb 
176. 

Accordingly, the present inventors perceives that 
50 the discharge tube 172 may be combined with the 
parabolic reflective mirror 73 as shown in Fig. 2 in 
such a manner that the columnar-shaped solid por- 
tion 160 projected outwardly of the discharge tube 
1 72 is inserted into the access through-hole 21 of the 
55 parabolic reflective mirror 73 and is fixed thereto. 
Since the diameter of the columnar-shaped solid por- 
tion 1 80 is smaller than that of the spherically-shaped 
hollow portion 175, it is possible to combine the dis- 
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charge tube 172 with such a reflective minor 73 as 
having the access through-hole 21 of a small diame- 
ter. In the case where the discharge tube 172 is thus 
fixed to the reflective mirror with the access through- 
hole of the small diameter, since the area of the ac- 5 
cess hole is small, only a small part of the tight emitted 
rearwardly from the arc discharge chamber 175' 
reaches the access through- hole not to be reflected 
at the mirror surface. Accordingly, the obtained light 
source can effectively direct the light beam emitted io 
from the discharge tube 172 forwardly. 

The discharge tube 172 has, however, a problem 
that since the wall 182" of the outer tube 177 is in di- 
rect contact with the columnar-shaped solid portions 
180 of the Inner bulb 176, it is impossible to thermally is 
insulate the inner bulb 176 from the atmospheric out- 
side reliably and certainly. In other words, the dis- 
charge tube 172 has the double-tube structure only at 
the arc discharge chamber 175' of the inner bulb 176, 
but has a single-tube structure at the columnar-shap- 20 
ed solid portions 180 of the inner bulb. With such a 
structure, it is impossible to fully or completely ther- 
mally insulate the inner bulb 176 from the atmosphe- 
ric air. Accordingly, the life time of the discharge tube 
1 72 is not so large with respect to that of the conven- 25 
tional discharge tube 72. 

The present invention provides a discharge tube 
for emitting light, including: an inner bulb including a 
hollow portion for defining therein an arc discharge 
chamber which encloses therein gas for emitting light, 30 
the inner bulb further including a pair of electrodes 
and a pair of metal members each of which is connect- 
ed to a corresponding one of the pair of electrodes, 
the pair of electrodes being projected in the arc dis- 
charge chamber from the inner bulb and the pair of 3S 
metal members being projected outwardly of maid in- 
ner bulb, the hollow portion having an outer diameter 
of a first value; and an outer tube for sealingly enclos- 
ing therein the inner bulb, the outer tube including a 
small-diameter portion having an outer diameter of a 40 
second value which is equal to or smaller than the 
first value, wherein the inner bulb is held in the interior 
of the outer tube, with a gap being formed between 
an outer surface of the inner bulb and an inner sur- 
face of the outer tube, in such a manner that the outer 45 
tube supports the metal members projected outward- 
ly of the inner bulb. 

The present invention provides a discharge tube 
of the double-tube structure that has a simple struc- 
ture to attain a high strength, that may be combined so 
with a reflective mirror to effectively introduce the 
generated light in a forward direction thereof, and that 
is capable of thermally insulate the inner bulb from 
the atmospheric outside reliably and certainly to 
thereby enhance the life time thereof. 55 

The inner bulb further includes a solid portion for 
supporting at least one of the pair of electrodes and 
for supporting at least one of the pair of metal mem- 



bers connected to the at least one of the pair of elec- 
trodes, the at least one of the pair of electrodes being 
projected inside of the arc discharge chamber from 
the solid portion and the at least one of the pair of 
metal members being projected outwardly of the inner 
bulb from the solid portion. The outer tube includes a 
large-diameter hollow portion and a small-diameter 
hollow portion which are continuously connected with 
each other, the outer tube enclosing therein the inner 
bulb in such a manner that the large-diameter hollow 
portion receives therein the hollow portion of the in- 
ner bulb, with a gap being formed between an outer 
surface of the hollow portion of the inner bulb and an 
inner surface of the large-diameter hollow portion of 
the outer tube, and the small-diameter hollow portion 
receives therein the solid portion of the inner bulb 
and the metal member projected from the solid por- 
tion with a gap being formed between an outer sur- 
face of the solid portion of the Inner bulb and an Inner 
surface of the small-diameter hollow portion of the 
outer tube , the small-diameter hollow portion having 
an outer diameter of the second value which Is equal 
to or smaller than the first value. 

The solid portion of the inner bulb has an outer 
diameter of a third value, and the large-diameter hol- 
low portion of the outer tube has an inner diameter of 
a fourth value which is larger than the first value so 
that a gap may be formed between an outer surface 
of the hollow portion of the inner bulb and an inner 
surface of the large-diameter hollow portion of the 
outer tube. The small-diameter hollow portion of the 
outer tube has an innerdiameter of a fifth value which 
Is larger than the third value so that a gap may be 
formed between an outer surface of the solid portion 
of the inner bulb and an inner surface of the small- 
diameter hollow portion of the outer tube. 

The outer tube further includes a solid portion 
which is continuously connected to the small- 
diameter hollow portion, the solid portion of the outer 
tube supporting the metal members projected out- 
wardly of the inner bulb, to thereby hold the inner bulb 
in the interior of the large-diameter hollow portion and 
the small-diameter hollow portion of the outer tube, 
with a gap being formed between the outer surface 
of the inner bulb and the Inner surface of the outer 
tube. 

According to another aspect, the present inven- 
tion provides a light source for emitting light In a de- 
sired direction, which includes: a discharge tube 
which has an inner bulb including a hollow portion for 
defining therein an arc discharge chamber which en- 
closes therein gas for emitting light, the Inner bulb fur- 
ther including a pair of electrodes and a pair of metal 
members each of which is connected to a corre- 
sponding one of the pair of electrodes, the pair of 
electrodes being projected In the arc discharge cham- 
ber from the inner bulb and the pair of metal members 
being projected outwardly of the inner bulb, the hol- 
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low portion having an outer diameter of a first value, 
and an outer tube for sealingly enclosing therein the 
inner bulb, the outer tube including a small-diameter 
portion having an outer diameter of a second value 
which is equal to or smaller than the first value, the 
inner bulb being held in the interior of the outer tube, 
with a gap being formed between an outer surface of 
the inner bulb and an inner surface of the outer tube, 
In such a manner that the outer tube supports the 
metal members projected outwardly of the inner bulb; 
and a reflective mirror having a through^hole for re- 
ceiving therein the small-diameter portion of the out- 
er tube of the discharge tube. 

The discharge tube Is preferably attached to the 
reflective mirror in such a manner that the through- 
hole of the reflective mirror may be positioned within 
a shadow space area where light having passed 
through a portion of the Inner bulb having a light 
transmittance of a low value Is reached. 

In the case where the inner bulb of the discharge 
tube further includes a solid portion for supporting at 
least one of the pair of electrodes and for supporting 
at least one of the pair of metal members connected 
to the at least one of the pair of electrodes, the at least 
one of the pair of electrodes being projected inside of 
the arc discharge chamber from the solid portion and 
the at least one of the pair of metal members being 
projected outwardly of the Inner bulb from the solid 
portion, the solid portion of the Inner bulb having an 
outer diameter of a third value, and in the case where 
the outer tube of the discharge tube includes a large- 
diameter hollow portion and a small-diameter hollow 
portion which are continuously connected with each 
other, the outer tube enclosing therein the inner bulb 
in such a manner that the large-diameter hollow por- 
tion receives therein the hollow portion of the inner 
bulb and the small-diameter hollow portion receives 
therein the solid portion of the inner bulb and the met- 
al member projected from the solid portion, the large- 
diameter hollow portion of the outer tube having an In- 
ner diameter of a fourth value which is larger than the 
first value so that a gap may be formed between an 
outer surface of the hollow portion of the inner bulb 
and an inner surface of the large-diameter hollow por- 
tion of the outer tube, the small-diameter hollow por- 
tion of the outer tube having an outer diameter of the 
second value which is equal to or smaller than the 
first value and having an inner diameter of a fifth val- 
ue which is larger than the third value so that a gap 
may be formed between an outer surface of the solid 
portion of the inner bulb and an inner surface of the 
small-diameter hollow portion of the outer tube, the 
discharge tube is attached to the reflective mirror in 
such a manner that the small-diameter hollow portion 
of the outer tube is inserted into and fixed to the 
through-hole of said reflective mirror, the through- 
hole having an inner diameter of a sixth value which 
is equal to or slightly larger than the second value. 



:The outer tube of the discharge tube further in- 
cludes a solid portion which is continuously connect- 
ed to the small-diameter hollow portion, the solid por- 
tion of the outer tube supporting the metal member 

5 projected outwardly of the inner bulb to thereby hold 
the inner bulb in the interiorof the large-diameter hol- 
low portion and the small-diameter hollow portion of 
the outer tube. In this case, the discharge tube should 
be preferably attached to the reflective mirror in such 

10 a manner that the through-hole of the reflective mir- 
ror may be positioned within a cone-shaped shadow 
apace area which is determined by its generating line 
which is defined by such an imaginary line as con- 
necting a tip end of the electrode supported in the soJ- 

15 id portion and a boundary portion between the hollow 
portion and the solid portion of the inner bulb. 

According to further aspect, the present inven- 
tion provides a method of producing a discharge tube, 
including the steps of: preparing an inner bulb includ- 

20 ing a hollow portion for defining therein an arc dis- 
charge chamber enclosing therein gas for emitting 
light, the Inner bulb further including a pair of electro- 
des exposed In the arc discharge chamber and a pair 
of metal members connected to a corresponding one 

25 of the pair of electrodes in such a manner that the pair 
of metal members are projected outwardly of the inner 
bulb, the hollow portion having an outer diameter of 
a first value; preparing a first outer pipe having a 
large-diameter hollow part and a small-diameter hol- 

30 low part continuously connected with each other, the 
small-diameter hollow part having an outer diameter 
of a second value which is equal to or smaller than the 
first value, the first outer pipe having a first and sec- 
ond open ends at the large-diameter hollow part and 

35 at the small-diameter hollow part, respectively; pre- 
paring a second outer pipe having a large-diameter 
hollow part and a small-diameter hollow part contin- 
uously connected with each other, the second outer 
pipe having an open end and a closed end at the 

40 large-diameter hollow part and at the small-diameter 
hollow part, respectively; connecting the first and 
second outer pipes, with the first open end of the first 
outer pipe facing the open end of the second outer 
pipe, to thereby continuously connect the large- 

45 diameter hollow parts of the first and second outer 
pipes, in such a manner that the inner bulb may be 
positioned in the interior of the thus connected first 
and second outer pipes so that the hollow portion of 
the inner bulb may be received in at least one of the 

50 large-diameter hollow parts of the first and second 
outer pipes and the pair of metal members projected 
outwardly of the inner bulb may be received in the 
small-diameter hollow parts of the first and second 
outer pipes; drawing air from the interior of the thus 

55 connected first and second outer pipes through the 
second open end of the first outer pipe; deforming 
portions of the small-diameter hollow parts of t he first 
and second outer pipes surrounding the metal menn- 



.0533325A1_L> 



9 EP 0 533 

bers projected outwardly of the inner bulb into solid 
parts with the metal members being embedded 
therein; and cutting the thus formed solid parts, to 
thereby obtain a discharge tube in which the inner 
bulb is sealingly enclosed in an outer tube in such a 5 
manner that the hollow portion of the inner bulb may 
be received in the large-diameter part of the outer 
tube and the metal members projected outwardly of 
the inner bulb may be received in the solid parts, with 
a gap being formed between an outer surface of the io 
inner bulb and an inner surface of the outer tube. 

The hollow portion of the inner bulb is received in 
the large-diameter part of the first outer pipe and an 
inner diameter of the large-diameter part of the first 
outer pipe has a fourth value which is larger than the is 
first value so that a gap may be formed between the 
outer surface of the inner bulb and the Inner surface 
of the outer tube. 

In the case where the inner bulb further Includes 
a solid portion for supporting at least one of the pair 20 
of electrodes and for supporting at least one of the 
pair of metal members connected to the at least one 
of the pair of electrodes, the at least one of the pair 
of electrodes being projected inside of the arc dis- 
charge chamber from the solid portion and the at 25 
least one of the pair of metal members being project- 
ed outwardly of the inner bulb from the solid portion, 
the solid portion of the inner bulb having an outer di- 
ameter of a third value, the first and second outer 
pipes are connected to each other in such a manner 30 
that the solid portion of the inner bulb may be re- 
ceived in the small-diameter hollow part of the first 
outer pipe and the portion of the small-diameter hol- 
low part of the first outer pipe surrounding the metal 
member projected from the solid portion of the inner 35 
bulb is deformed into the solid part, the small- 
diameter hollow part of the first outer pipe having an 
inner diameter of a fifth value which is larger than the 
third value so that a gap may be formed between an 
outer surface of the solid portion of the inner bulb and 40 
an inner surface of the small-diameter hollow portion 
of said outer tube. 

According to another aspect, the present inven- 
tion provides a method of producing a discharge tube, 
including the steps of: preparing an inner bulb includ- 45 
ing a hollow portion for defining therein an arc dis- 
charge chamber enclosing therein gas for emitting 
light, the inner bulb further including a pair of electro- 
des exposed in the arc discharge chamber and a pair 
of metal members connected to a corresponding one so 
of the pair of electrodes in such a manner that the pair 
of metal members are projected outwardly of the inner 
bulb, the hollow portion having an outer diameter of 
a first value; preparing a first outer pipe having a 
large-diameter hollow part and a small-diameter hoi- 55 
low part continuously connected with each other, the 
small-diameter hollow part having an outer diameter 
of a second value which is equal to or smaller than the 
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first value, the first outer pipe having a first and sec- 
ond open ends at the large-diameter hollow part and 
at the small-diameter hollow part, respectively; pre- 
paring a second outer pipe having a large-diameter 
hollow part and a small-diameter hollow part contin- 
uously connected with each other, the second outer 
pipe having first and second open ends at the large- 
diameter hollow part and at the small-diameter hollow 
part, respectively; connecting the first and second 
outer pipes, with the first open end of the first outer 
pipe facing the first open end of the second outer 
pipe, to thereby continuously connect the large- 
diameter hollow parts of the first and second outer 
pipes, in such a manner that the inner bulb may be 
positioned in the interior of the thus connected first 
and second outer pipes so that the hollow portion of 
the inner bulb may be received in at least one of the 
large-diameter hollow parts of the first and second 
outer pipes and the pair of metal members projected 
outwardly of the inner bulb may be received in the 
small-diameter hollow parts of the first and second 
outer pipes; drawing air from the interior of the thus 
connected first and second outer pipes through the 
second open ends of the first and second outer pipes; 
deforming portions of the small-diameter hollow 
parts of the first and second outer pipes surrounding 
the metal members projected outwardly of the inner 
bulb into solid parts with the metal members being 
embedded therein; and cutting the thus formed solid 
parts, to thereby obtain a discharge tube in which the 
inner bulb is sealingly enclosed in an outer tube in 
such a manner that the hollow portion of the inner 
bulb may be received in the large-diameter part of the 
outer tube and the metal members projected outward- 
ly of the inner bulb may be received in the solid parts, 
with 4 gap being formed between an outer surface of 
the inner bulb and an inner surface of the outer tube. 

Other objects, features and advantages of the 
present invention will become apparent in the follow- 
ing specification and accompanying drawings. 

Fig. 1 is a schematic side sectional view of a con- 
ventional discharge tube of a double-tube struc^ 
ture; 

Fig. 2 is a schematic side sectional view of a con- 
ventional light source employing the convention- 
al discharge tube of Fig. 1: 
Fig. 3 is a schematic side sectional view of an- 
other conventional discharge tube; 
Fig. 4(a) and 4(b) schematically show a discharge 
tube of a preferred embodiment of the present in- 
ventbn, in which Fig. 4(a) is a schematic side 
sectional view of the discharge tube and Fig. 4(b) 
is a schematic side sectional view of the dis- 
charge tube taken along a line IVb - IVb of Fig. 
4(a); 

Fig. 5(a) is a schematic side sectional view of one 
example of a light source employing the dis- 
charge tube of the preferred embodiment; 
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Fig. 5(b) schematically illustrates a dimensional 
relationship between the discharge tube and the 
reflective mirror; 

Fig. 6 schematically illustrates a positional rela- 
tionship between the focal point F of the reflec- 
tive mirror and the discharge tube; 
Fig. 7 schematically illustrates the state how the 
inner bulb of the discharge tube is positioned rel- 
ative to the access through-hole of the reflective 
mirror, where the outer tube is neglected from the 
drawing for clarity and simplicity; 
Fig. 8 schematically illustrates the state how the 
inner bulb of the discharge tube is positioned rel- 
ative to the access through-hole of the reflective 
mirror, in the case where the thickness of the wall 
of the spherically-shaped hollow portion has an 
ununiform value, where the outer tube is neglect- 
ed from the drawing for clarity and simplicity; 
Fig. 9 schematically illustrates the state how the 
inner bulb of the discharge tube is positioned rel- 
ative to the access through-hole of the reflective 
mirror, in the case where the Inner bulb is cov- 
ered with the light-shielding film, where the outer 
tube Is neglected from the drawing for clarity and 
simplicity; 

Figs. 10(a) and 10(b) schematically illustrate the 
state how the inner bulb of the discharge tube is 
positioned relative to the access through-hole of 
the reflective mirror, in the case where the inner 
bulb has a flat-shaped cross section, where the 
outer tube is neglected firom the drawing for clar- 
ity and simplicity, in which fig. 10(a) is a cross- 
sectional side view of the inner bulb and the re- 
flective mirror and Fig. 9(b) is a cross-sectional 
side view of the inner bulb and the reflective mir- 
ror taken along a line Xb - Xb of Fig. 1 0(a); and 
Fig. 11(a) through 11(c) schematically illustrate 
the method of producing the discharge tube of 
the preferred embodiment, in which Fig. 11(a) Il- 
lustrates the manner how the inner bulb is insert- 
ed in the outer pipes, Fig. 11(b) illustrates the 
manner how the air in the outer pipes is drawn 
out, and Fig. 11(c) illustrates the manner how the 
solid portions of the outer tube is formed to there- 
by produce the outer tube. 
Throughout the accompanying drawings, the 
same or like reference numerals or characters refer to 
the same or like parts. 

Fig. 4(a) and 4(b) illustrate a discharge tube of a 
preferred embodiment of the present invention, and 
Figs. 5(a) and 5(b) illustrate a light source employing 
the discharge tube of the preferred embodiment. 

The discharge tube 3 of the preferred embodi- 
ment is of the double-tube structure including an in- 
ternal bulb 4 and an outer tube 5 each of which is 
formed of silica glass. Preferred examples of the in- 
ternal bulb 4 include xenon gas discharge tube, metal 
vapor discharge tube, etc. The internal bulb 4 in- 



cludes a spherically-shaped hollow portion 42 and a 
pair of cylindrically-shaped solid portions 44a and 
44b in such a manner that the hollow portion 42 may 
be positioned between the pair of solid portions 44a 

5 and 44b. Awall 42" defining the hollow portion 42 and 
the solid portions 44a and 44b are formed of the silica 
glass and are continuously connected with one an- 
other. The hollow portion 42 is sulostantially of a sphe- 
rical shape. More specifically to say, the hollow por- 

10 tion 42 is of an ellipsoidal spherical shape which has 
an ellipsoidal side cross section an shown in Figs. 
4(a) and 4(b) and which has a circular cross section 
taken along a plane extending perpendicular to both 
the planes of the surface of the sheets of Figs. 4(a) 

15 and 4(b). The hollow portion 42 defines therein an arc 
discharge chamber 42' for enclosing therein xenon, 
argon, metal or metal halide for light emission opera- 
tion. The thickness of the wall 42" of the hollow por- 
tion 42 has a small value for attaining a high light 

20 transmittance so that the intensity of light generated 
in the arc discharge chamber 42' is little lowered dur- 
ing when the light passes through the wall 42". 

The solkJ portion 44a sealingly supports therein 
an electrode 41a so that one end of the electrode 41a 

25 may be projected therefrom to be exposed in the arc 
discharge chamber 42'. The solid portion 44b sealing- 
ly supports therein another electrode 41 b so that one 
end of the electrode 41b may be projected therefrom 
to be exposed in the arc discharge chamber 42'. The 

30 electrodes 41a and 41b are formed of tungsten or the 
like. With such a structure, arc discharge will be gen- 
erated between the tip ends of the pair of electrodes 
41a and 41b inside the arc discharge chamber 42' so 
that light may be generated at an area 42A defined 

35 between the tip ends of the pair of electrodes 41 a and 
41b. 

The solid portion 44a further sealinely supports 
a first metal (molybdenum) foil 43Aa connected to the 
electrode 41a and a first metal (molybdenum) rod 

40 43Ba connected to the first metal foil 43Aa. One end 
of the first metal rod 43Ba is projected outside of the 
inner bulb 4 from the solid portion 44a. The solid por- 
tion 44b further sealingly supports a first metal (mo- 
lybdenum) foil 43Ab connected to the electrode 44b 

45 and a first metal (molybdenum) rod 43Bb connected 
to the first metal foil 43Ab. One end of the first metal 
rod 43Bb is projected outside of the inner bulb 4 from 
the solid portion 44b. 

The outer tube 5 includes: a large-diameter cylin- 

50 drically-shaped hollow portion 51; a pair of small- 
diameter cylindrically-shaped hollow portions 52a 
and 52b positioned to sandwich the large-diameter 
hollow portion 51 therebetween; and a pairof small- 
diameter cylindrically-shaped solid portions 53a and 

55 53b which are positioned next to the hollow portions 
52a and 52b, respectively. Awall 51" of the hollow 
portion 51 is continuously connected to walls 52a" 
and 52b" of the hollow portions 52a and 52b, and the 
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walls 52a" and 52b" are continuously connected to 
the solid portions 53a and 53b. The walls 51", 52a" 
and 52b" and the solid portions 53a and 53b are all 
formed of silica glass. The large-diameter hollow por- 
tion 51 defines therein a large-diameter chamber 51 ' 5 
and the small-diameter hollow portions 52a and 52b 
define therein small-diameter chambers 52a' and 
52b', respectively. The targe-diameter chambe r 51 ' is 
therefore continuously connected to the. small- 
diameter chambers 52a' and 52b'. ! io 

The Inner bulb 4 is sealingly enclosed In the outer 
tube 5 in such a manner that the spherically-shaped 
hollow portion 42 of the Inner bulb 4 may be posi- 
tioned in the large-diameter chamber 51 ' and the cyl- 
Indrically-shaped solid portions 44a and 44b of the in- 15 
ner bulb 4 may be positioned in the small-diameter 
chambers 52a' and 52b', respectively, so that an out- 
er surface of the inner bulb 4 may not be contacted 
with the inner surface of the outer tube 5 but an an- 
nular space 31 may be formed between the Inner bulb 20 

4 and the outer tube 5. 

More specifically to say, the first metal (molybde- 
num) rod 43Ba which Is projected from the solid por- 
tion 44a of the Inner bulb 4 extends in the small- 
diameter chamber 52a' of the outer tube 5 to be seal- 25 
ingly inserted into the solid portion 53a of the outer 
tube 5. The another first metal (molybdenum) rod 
43Bb projected from the solid portion 44b of the inner 
bulb 4 extends in the small-diameter chamber 52b' of 
the outer tube 5 to be connected to a metal (nickel) 30 
buffer wire 43Cb which is connected to a second met- 
al (molybdenum) rod 43Db which is sealingly support- 
ed in the solid portion 53b ofthe outer tube 5. Accord- 
ingly, the inner bulb 4 is supported by the pair of solid 
portions 53a and 53b of the outer tube 5 via the first 3S 
molybdenum rod 43Ba and the other first molybde- 
num rod 43Bb, the nickel buffer wire 43Cb and the 
second molybdenum rod 43Db. Accordingly, the inner 
bulb 4 is held in the interior of the outer tube 5 in such 
a state that any point of the outer surface of the wall 40 
42" and the solid portions 44a and 44b of the inner 
bulb 4 may not be contacted to any point of the inner 
surfaces ofthe walls 51", 52a" and 52b" and the solid 
portions 53a and 53b. 

The solid portion 53a ofthe outer tube 5 sealingly 45 
supports a second metal (molybdenum) foil 43Ea 
connected to the first metal rod 43Ba and a third met- 
al (molybdenum) rod 43Fa connected to the second 
metal foil 43Ea in such a manner that the third metal 
rod 43 Fa nnay be projected outside of the outer tube 50 

5 firom the solid portion 53a. The solid portion 53b of 
the outer tube 5 further sealingly supports a second 
metal (molybdenum) foil 43Eb connected to the sec- 
ond metal rod 43Db and a third metal (molybdenum) 

rod 43Fb connected to the second metal foil 43Eb in 55 
such a manner that the third metal rod 43Fb may be 
projected outside of the outer tube 5 from the solid 
portion 53b. The third metal rods 43Fa and 43Fb thus 



projected outside of the outer tube 5 will be connected 
to an electric power supply (not shown in the drawing) 
so that electric current may be supplied to the pair of 
electrodes 41 a and 41b. In other words, the metal rod 
43Fa, the metal foil 43Ea, the metal rod 43Ba and the 
metal foil 43Aa cooperate with one another to serve 
as a lead wire 43a for electrically connecting the elec- 
trode 41a to the electric power supply. The metal rod 
43Fb, the metal foil 43Eb, the metal rod 43Db, the 
metal buffer wire 43Cb, the metal rod 43Bb and the 
metal foil 43Ab cooperate with one another to serve 
as another lead wire 43b for electrically connecting 
the electrode 41 b to the electric power supply. 

Thus, the molybdenum rods (43Ba, 43Bb, 43Db) 
and the nickel buffer wire (43Cb) extending in the 
space 31 and the molybdenum rods (43Fa, 43Fb) ex- 
tending outside of the outer tube 5 and the molybde- 
num foils (43Aa, 43Ab, 43Da, 43Eb) embedded In the 
solid portions (44a, 44b, 53a, 53b) are combined with 
one another to constitute the lead wires 43a and 43b 
for electrically connecting the discharge tube 3 to the 
electric power supply. According to the present inven- 
tion, the molybdenum foils are thus embedded In the 
solid portions for constituting the lead wires, for the 
following reason: When each of the inner bulb 4 and 
the outer tube 5 is to be produced, a silica glass pipe 
or tube is thermally softened to be deformed into 
each solid portion with the molybdenum foil being 
maintained therein. When the silica glass pipe is thus 
thermally softened, the glass pipe is thermally ex- 
panded and shrinked, so that ununiform stress is gen- 
erated within the glass. In such a case, if only a metal 
rod or wire is to be embedded in the solid portion, due 
to the ununiform stress generated in the glass, crack 
will be erroneously occurred in the formed solid por- 
tion, and an undesired gap or space will be formed in 
the solid portion around the metal rod. Thus formed 
undesired gap will erroneously decrease the vacuum 
degree of the inside of the produced inner bulb 4 or 
the produced outer tube 5. According to the present 
inventk>n, however, not only the molybdenum rod but 
also the molybdenum foil are embedded In the solid 
portion. The molybdenum foil serves to restrain ther- 
mal expansion of the portion of the glass which is 
contacted with the molybdenum foil, to thereby pre- 
vent cracks from being occurred in the formed solid 
portion. Thus, an undesired gap or space will not be 
formed in the solid portion around the molybdenum 
foil. 

The metal buffer wire 43Cb is of a spring shape 
and is provided to absorb stress occurred due to heat 
which is generated in the gap 31 at the time when the 
arc discharge is generated in the arc discharge cham- 
ber 42'. 

The interior of theoutertube 5 (i.e., the chambers 
51', 52a' and 52b') Is in a vacuum state. Or otherwise, 
the outer tube 5 encloses, in the chambers 51', 52a' 
and 52b', a small amount of nitrogen or inert gas such 
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as argon, krypton, neon, xenon, or the like which will 
serve to prevent oxidization of the metal rods 43Ba, 
43Bb and 43Db and the metal buffer wire 43Cb which 
are exposed in the chambers 52a' and 52b'. As de- 
scribed above, since the inner bulb 4 is supported in 
the outer tube 5 in such a manner that the outer sur- 
face of the inner bulb 4 may not be contacted with the 
inner surface of the outer tube 5, there is formed the 
annular gap 31 between the outer surface of the inner 
bulb 4 and the inner surface of the outer tube 5. Ac- 
cordingly, the gap 31 is brought Into the vacuum state 
or is filled with the small amount of inert gas, so that 
the inner bulb 4 is thermally insulated from the at- 
mospheric outside of the discharge tube 3. According- 
ly, the heat accumulation capacity of the inner bulb is 
enhanced, so that the lowering of the light transmit- 
tance of the wall 42" of the inner bulb 4 due to the mat- 
ters sputtered thereon is restrained, and the life time 
of the discharge tube is enhanced. 

When a light source 1 is produced with the use 
of the Discharge tube 3 having the above-described 
structure, the discharge tube 3 Is attached to the re- 
flective minor 2, as shown in Fig. 5(a). (In the follow- 
ing description, the direction indicated by an arrow in 
Fig. 5(a) (leftward direction in Fig. 5(a)) is referred to 
as a forward direction.) The reflective mirror 2 is of a 
bowl-shape having a parabolic inner mirror surface. 
The bowl-shaped reflective mirror 2 is formed with an 
access through-hole 21 for receiving therein the 
small-diameter hollow portion 52a of the outer tube 5 
of the discharge tube 3. In other words, when the dis- 
charge tube 3 is to be combined with the reflective 
mirror 2 to produce the light source 1, the solid por- 
tion 53a of the discharge tube 3 is first inserted into 
the access through-hole 21 of the reflective mirror 2 
along an inner wall 21' of the reflective mirror 2 which 
defines therein the access through-hole 21 , and then 
the small-diameter hollow portion 52a is fitted to the 
access through-hole 21 at such a position as allowing 
the center position 42C of the arc discharge chamber 
42' which corresponds to the center position of the 
light emitting area 42A to coincide with a focal point 
F of the parabolic mirror surface of the reflective mir- 
ror 2. 

It is noted that there may occur a problem in the 
case where a distance between a front edge portion 
500 of the small-diameter hollow portion 52a (a 
boundary portion defined between the large- 
diameter hollow portion 51 and the small-diameter 
hollow portion 52a) and the center position of the light 
emitting area 42A is too large. In this case, it is impos- 
sible to position the center position 42C of the light 
emitting area 42A at the focal point F of the reflective 
mirror 2, even if the discharge tube 3 is inserted into 
the access through-hole 21 as deep as possible 
along the Inner wall 21 'to such a degree that the rear 
side 51 R" of the wall 51" of the large-diameter hollow 
portion 51 of the outer tube 5 is brought into abutment 
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contact with the inner mirror surface of the reflective 
minor 2. In order to solve the problem, the discharge 
tube 3 of the present invention is so designed as to 
have a relative dimension satisfying the following in- 
5 equality with respect to the reflective mirror 2, as 
shown in Fig. 6. 

LI < Fr + (La/2) 
in Fig. 6, an imaginary line B is defined as a line 
which extends parallel to axes of the electrodes 41a 
and 41b and which is apart from the electrode axes 
with a distance of (De/2), where De is a diameter of 
the access through-hole 21 of the reflective mirror 2. 
In other words, the imaginary line B extends from the 
front edge of the inner wall 21 ' of the reflective mirror 

f 5 2 parallel to the electrode axes. LI is defined as a dis- 
tance between an intersection point 501 between the 
imaginary line B and an imaginary line C which ex- 
tends from the center position 42C of the light emit- 
ting area 42A perpendicularly to the axes of the elec- 

20 trodes {41a, 41b) and another intersection point 502 
between an outer surface of the wall 51" of the outer 
tube 5 and the imaginary line B. La is defined as a dis- 
tance between tip ends of the electrodes 41a and 41b 
facing each other. Fr is a focal length defined as a dis- 

25 tance between the focal point F and a basis point of 
the inner mirror surface of the reflective mirror 2. 

Since the discharge tube 3 of the present inven- 
tion has the above-described dimensional relation- 
ship with respect to the reflective minor 2, it becomes 

30 certainly possible to attach the discharge tube 3 to 
the reflective mirror 2 at such a position that the cen- 
ter position 42C of the light emitting area 42A of the 
discharge tube may be positioned exactly on the focal 
point F of the inner mirror surface. Accordingly, the 

35 light generated in the arc discharge chamber 42 pro- 
ceeds directly forwardly (leftwardly in Fig. 5(a)) or 
proceeds rearwardly (rightwardly in the Fig. 5(a)) to 
be reflected at the mirror surface of the reflective 
mirror 2 to thereby proceed forwardly. Thus, the light 

40 source 1 of the present invention may effectively and 
fully introduce the light generated in the arc discharge 
chamber 42' onto an LC display panel which is posi- 
tioned forwardly of the light source 1 . 

The dimensional relationship between the inner 

45 bulb 4 and the outer tube 5 and the reflective mirror 
2 will be described In greater detail hereinafter, with 
reference to Fig. 5(b). 

An inner diameter D4 of each circular cross sec- 
tion of the large-diameter hollow portion 51 of theout- 

50 er tube 5 is selected to be larger than an outer diam- 
eter D1 of a corresponding circular cross section of 
the spherically-shaped hollow portion 42 of the inner 
bulb 4 so that the outer surface of the wall 42" of the 
spherically-shaped hollow portion 42 may not be con- 

55 tacted with the inner surface of the wall 51" of the 
large-diameter hollow portion 51 . Similarly, an inner 
diameter D5 of each circular cross section of the 
small-diameter hollow portions 52a and 52b of the 
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outer tube 5 is selected to be larger than an outer di- 
ameter D2 of a corresponding circular cross section 
of the solid portions 44a and 44b so that the outer 
surface of the solid portions 44a and 44b may not be 
contacted with the inner surface of the walls 52a" and 
52b" of the hollow portions 52a and 52b. Accordingly, 
the already-described annular gap 31 is formed be- 
tween the outer surface of the inner bulb 4 and the- 
inner surface of the outer tube 5, for completely ther-^ 
mally insulating the inner bulb 4 from external outside 
of the discharge tub 3. 

Furthermore, the outer diameter D1 of each 
cross section of the spherically-shaped hollow por- 
tion 42 of the inner bulb 4 Is selected to be larger than 
the outer diameter D2 of the cylindrically-shaped sol- 
id portions 44a and 44b of the inner bulb 4. 

In addition, the spherically-shaped hollow por- 
tion 42 has a maximum outer diameter portion whose 
outer diameter D1max is selected to be equal to or 
larger than an outer diameter D3 of the small- 
diameter hollow portion 52a of the outer tube 5 which 
is to be inserted into the access through-hole 21 of 
the reflective mirror 2. The outer diameter D3 of the 
small-diameter hollow portion 52a is almost equal to 
orslightly smaller than an inner diameter De of the ac- 
cess through-hole 21 of the reflective mirror 2 so that 
the small-diameter hollow portion 52a may be insert- 
ed into and fitted to the access through-hole 21. 
Since the discharge tube 3 and the reflective mirror 

2 have the above-described relative dimensions with 
respect to each other, the area of the access through- 
hole 21 facing the arc discharge chamber 42' of the 
inner bulb 4 where light emission is occurred is rela- 
tively small with respect to the volume of the arc dis- 
charge chamber 42'. Accordingly, it becomes possi- 
ble to decrease the ratio, with respect to the total 
amount of the light generated In the arc discharge 
chamber 42', of the amount of the light reaching the 
access through-hole 21 which Is not to be reflected by 
the reflective mirror 2. In other words, the light source 
1 of the present invention can effectively introduce 
the light generated in the arc discharge chamber 42' 
onto the LC display positioned forwardly of the light 
source 1. 

Though the inner diameter De of the access 
through-hole 21 (i.e., the outer diameter D3 of the 
small-diameter hollow portion 52a) preferably has a 
small value as described above, it is unnecessary to 
select the outer diameter D3 (the Inner diameter De) 
to a so small value, for the following reason: It Is noted 
that a shadow space area 6 may be defined for the 
discharge tube 3 as a space area In which the Inten- 
sity of light propagated therein Is remarkably attenu- 
ated. It Is therefore unnecessary to reflect, with the 
reflective mirror, the light which have been propagat- 
ed through the shadow space area 6 and which has 
the lowered intensity. Accordingly, the discharge tube 

3 should preferably be attached to the reflective mir- 



ror 2 so that the access through-hole 21 of the reflec- 
tive mirror 2 may be positioned within the shadow 
space area 6. In view of this, it is sufficient that the 
outer diameter D3 of the small-diameter hollow por- 

5 tion 52a (i.e., the inner diameter De of the access 
through-hole) should be selected to such a value that 
the access through-hole 21 may be positioned within 
the shadow apace area 6, but it is unnecessary to se- 
lect the outer diameter D3 (the inner diameter De) to 

10 a so small value. 

The shadow space area 6 will be described In 
greater detail hereinafter. The shadow space area 6 
may be determined dependently on the structure and 
the kind of material of the Inner bulb 4 and the outer 

15 tube 5 of the discharge tube 3. 

For example, the thickness of the solid portion 
44a of the inner bulb 4 is considerably larger than the 
thickness of the wall 42" of the spherically-shaped 
hollow portion 42, as schematically shown in Fig. 7. 

20 With such a structure, when the light generated in the 
arc discharge chamber 42' is emitted obliquely rear- 
wardly (rightwardly in the drawing) to be propagated 
in the solid portion 44a, the intensity of the light will 
be considerably attenuated. In other words, the light 

25 transmittance of the solid portion 44a Is remarkably 
low relative to the wall 42" of the spherically-shaped 
hollow portion 42. Accordingly, in the light source 1, 
the shadow space area 6 (depicted by slanted line) is 
defined as a cone-shaped space defined by an imag- 

30 inary line A, as a generating line of the cone-shape, 
which connects the tip end of the electrode 41a and 
a boundary point 400 between the wall 42" of the 
spherically-shaped hollow portion 42 and the solid 
portion 44a. Since the light transmittance of the solid 

35 portion 44a is low as described above, the intensity 
of the light which has been propagated in the shadow 
space area 6 is Inherently low. Accordingly, it is un- 
necessary to reflect the light which has been propa- 
gated In the shadow space area 6 with the reflective 

40 mirror 2. Therefore, according to the present Inven- 
tion, the discharge tube 3 is preferably attached to the 
reflective mirror 2 at such a position that the access 
through-hole 21 may be positioned completely within 
the shadow space area 6 of the discharge tube 3. In 

45 other words, the discharge tube 3 is preferably at- 
tached to the reflective mirror 2 at such a position that 
the front edge 210 of the inner wall 21' may be posi- 
tioned within the cone-shaped shadow space area 6 
of the discharge tube 3. 

50 In the case where the wall 42" of the spherically- 

shaped hollow portion 42 of the Inner bulb 4 is so de- 
signed as to have an ununlform thickness for attain- 
ing a lens function, as shown In Fig. 8, since the thick- 
ness of the solid portion 44a Is still much larger than 

55 the thickness of the wall 42", the discharge tube 3 
should be preferably attached to the reflective mirror 
2 at such a position that the access through-hole 21 
may be positioned completely within the cone- 

10 
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shaped shadow space area 6 defined by the imagin- 
ary line A, as a generating line, which connects the tip 
end of the electrode 41a and the boundary point 400 
between the wall 42" and the solid portion 44a, sim- 
ilarly as described above. 5 

Accordingly, the outer diameter D3 of the small- 
diameter hollow portion 52a of the outer tube 5 which 
determines the Inner diameter of the access through- 
hole 21 should be determined dependently on the 
shadow space area 6 which is determined on the io 
structure of the inner bulb 4, i.e.. the positional rela- 
tionship between the tip end of the electrode 41 a and 
the boundary portion 400 between the hollow portion 
42 and the solid portion 44a. 

In the case where the outer surface of the wall is 
42" of the hollow portion 42 and the outer surface of 
the solid portion 44a of the inner bulb 4 is covered 
with a light-shielding film 7 (formed of ceramic or the 
like) for thermally insulating the inner bulb 4, as 
shown in Fig. 9, the cone-shaped shadow space area 20 
6' (depicted by slanted lines) is now defined by an im- 
aginary line A', as a generating line, which connects 
the tip end of the electrode 41a and a front end of the 
light-shielding film 7. In this case, therefore, the dis- 
charge tube 3 should be preferably attached to the re- 25 
fleet ive mirror 2 at such a position that the access 
through- hole 21 may be positioned completely within 
the shadow space area 6'. 

Though the above description is directed to such 
an inner bulb 4 as having a circular cross section, the 30 
Inner bulb 4 may have a flat cross section as shown 
in Figs. 1 0(a) and 1 0(b). (Such an inner bulb 4 as hav- 
ing a flat cross section may be produced through a 
pinch sealing process.) In the inner bulb 4 having 
such a flat cross section, a spreading angle 9h of the 35 
shadow space area 6" along a plane extending along 
the sheet of Fig. 10(a) Is different from another 
spreading angle 0v of the shadow space area 6" 
along another plane extending along the sheet of Fig. 
10(b). For the inner bulb 4 having the flat cross sec- 40 
tion, such an outer tube 5 as also having a flat cross 
section is preferably provided for enclosing therein 
the inner bulb 4 to produce the discharge tube 3. A re- 
flective minor 2 having such an access through-hole 
21 as having a flat cross section is preferably com- 45 
bined with the discharge tube 3. 

Though a parabolic reflective mirror is used as 
the reflective minor 2 in the above description, an el- 
lipsoidal reflective mirror, a hyperboloidal reflective 
mirror or the like may be used, in place of the para- 50 
bolic mirror. Furthermore, the discharge tube 3 may 
be integrally combined with the reflective mirror 2. 

As described above, the discharge tube 3 of the 
double-tube structure type of the present embodi- 
ment may attain an improved heat accumulation prop- 55 
erty, since the inner bulb 4 is supported In the outer 
tube 5 only via the lead wires 43a and 43b and no part 
of the inner bulb 4 Is contacted with the inner surface 



of the outer tube 5. Accordingly, it becomes possible 
to increase the volume of the Inner bulb 4, i.e., the vol- 
ume of the arc discharge chamber 42', to thereby ef- 
fectively prevent the inner surface of the wall 42" of 
the spherically-shaped hollow portion 42 from being 
attached with spattered matter. As a result, It be- 
comes possible to increase a life time of the dis- 
charge tube. 

According to the present invention, the outer di- 
ameter D3 of the small-diameter hollow portion 52a 
of the outer tube 5 to be inserted into the access 
through-hole 21 of the reflective mirror 2 is selected 
to be equal to or smaller than the maximum outer di- 
ameter Dimax of the spherically-shaped hollow por- 
tion 42 of the inner bulb 4. It is therefore possible to 
select the inner diameter of the access through-hole 
21 of the reflective mirror 2 to be small relative to the 
arc discharge chamber 42' of the inner bulb 4 where 
light mission is occurred. Accordingly, in the light 
source 1 constructed by the discharge tube 3 and the 
reflective mirror 2, it becomes possible to decrease a 
ratio, with respect to the total amount of the light gen- 
erated in the arc discharge chamber 42', of the 
amount of the light radiated into the access through- 
hole 21. It becomes therefore possible to effectively 
introduce the light generated in the arc discharge 
chamber 42' forwardly of the light source. 

The discharge tube 3 is combined with the reflec- 
tive mirror 2 into the light source 1 In such a manner 
that the access through- hole 21 may be positioned 
completely within the shadow space area of the dis- 
charge tube 3. Accordingly, it becomes possible to de- 
crease a loss of the intensity of the light as small as 
possible to such an amount that is inherently occur- 
red due to the structure of the discharge tube 3. Thus, 
according to the light source of the present invention, 
it becomes possible to effectively introduce light onto 
the LC display panel with a low amount of light inten- 
sity loss so that a large intensity of light may be irra- 
diated on the LC display. 

Though the above-describe discharge tube 3 of 
the present invention may be produced through vari- 
ous manners, one preferred example of the method 
of producing the discharge tube 3 will be described 
hereinafter. 

First, as shown in Fig. 11(a), the inner bulb 4 
formed of silica glass and provided with the lead wire 
43a (the electrode 41a, the foil 43Aa, the rod 43Ba, 
the foil 43Ea and the rod 43Fa) and the lead wire 43b 
(the electrode 41b, the foil 43Ab, the rod 43Bb, the 
buffer wire 43Cb, the rod 43Db, the foil 43Eb and the 
rod 43Fb) is prepared. 

Then, first and second outer pipes 1 50a and 1 50b 
formed of silica glass are prepared. As shown in Fig. 
11(a), the first outer pipe 150a includes a first large- 
diameter hollow part 151a and a small-diameter hol- 
low part 152a which are continuously connected with 
each other. The first outer pipe 150a Is formed with 
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opposed open ends 1 80a and 1 81 a which are defined 
on the large-diameter hollow part 151a and the small- 
diameter hollow part 152a, respectively. Similarly, 
the second outer pipe 150b includes a first large- 
diameter hollow part 151b and a small-diameter hol- 
low part 152b which are continuously connected with 
each other. The second outer pipe 150b is formed 
with an open end 180b and a closed end 181b op- 
posed with each other which are defined on the farge- 
diameter hollow part 151b and the small-diameter 
hollow part 152b, respectively. 

As will be described later, the first and second 
large-diameter hollow parts 151aand 151b of the first 
and second outer pipes 1 50a and 1 50b will be contin- 
uously connected with each other at their open ends 
180a and 180b, so as to constitute the large-diameter 
hollow portion 51 of the outer tube 5. Accordingly, the 
inner diameter D4 of the first and second large- 
diameter hollow parts 151a and 151 b is selected to be 
larger than the outer diameter D1 of the spherically- 
shaped hollow portion 42 of the inner bulb 4. The 
small-diameter hollow part 1 52a of the first outer pipe 
1 50a will constitute the small-diameter hollow portion 
52a of the outer tube 5, and the small-diameter hollow 
part 152b of the second outer pipe 150b will consti- 
tute the small-diameter hollow portion 52b of the out- 
er tube 5. Accordingly, the inner diameter D5 of the 
first and second small-diameter hollow parts 152a 
and 152b is selected to be larger than the outer diam- 
eter D2 of the solid portions 44a and 44b of the inner 
bulb 4. In addition, theouterdiameter D3 of the small- 
diameter parts 152a and 152b of the first and second 
outer pipes 1 50a and 1 50b is equal to or smaller than 
the maximum outer diameter Dimax of the spherical- 
ly-shaped hollow portion 42 of the inner bulb 4. 

As will be described later, the small-diameter hol- 
low parts 152a and 152b of the first and second outer 
pipes 150a and 150b will be partly thermally softened 
to be deformed into the small-diameter solid portions 
53a and 53b of the outer tube 5. 

Then, the lead wire 43a, the solid portion 44a and 
the spherically-shaped hollow portion 42 are insert- 
ed, in this order, into a first outer pipe 150a through 
the open end 180a. Simultaneously, the lead wire 43b 
and the solid portion 44b are inserted, in this order, 
into the second outer pipe 1 50b through the open end 
1 80b. Thus, the first outer pipe 150a and the second 
outer pipe 150b are positioned so that the open end 
180a of the first outer pipe 150a may confront the 
open end 180b of the second outer pipe 150b. Then, 
the first and second outer pipes 150a and 150b are 
moved toward each other so that peripheral edges of 
the open ends 180a and 180b may be brought into 
abutment contact with each other. Then, the open 
ends 180a and 180b thus contacted with each other 
are thermally softened so that the first and second 
outer pipes 150a and 150b are joined with each other 
at their open ends 180a and 180b, as shown in Fig. 



11(b). In other words, the first and second outer pipes 
150a and 150b are integrally joined with each other, 
at their open ends 180a and 180b. 

As a result, the first and second large-diameter 

5 hollow parts 151a and 151b of the first and second 
outer pipes 1 50a and 150b are continuously connect- 
ed with each other at their open ends 180a and 180b, 
so as to constitute the large-diameter hollow portion 
51 of the outer tube 5. The spherically-shaped hollow 

10 portion 42 of the Inner bulb 4 is positioned in the thus 
formed large-diameter hollow portion 51. The solid 
portion 44a and the lead wire 43a are positioned In 
the small-diameter hollow part 1 52a of the outer pipe 
150a, and the solid portion 44b and the lead wire 43b 

15 are positioned in the small-diameter hollow part 152a 
of the outer pipe 150a. 

It is noted that, as described already, the maxi- 
mum outer diameter Dimax of the spherically-shap- 
ed hollow portion 42 of the inner bulb 4 is selected to 

20 be larger than the outer diameter of the small- 
diameter parts 152a end 152b of the first and second 
outer pipes 150a and 150b. In other words, the max- 
imum outer diameter Dimax of the spherically-shap- 
ed hollow portion 42 is larger than the outer diameter 

25 D2 of the small-diameter parts 152a and 152b. Ac- 
cording to the present invention, the inner bulb 4 is in- 
serted into the first and second outer pipes 1 50a and 
150b from their open ends 180a and 180b which are 
formed on their large-diameter hollow portions 151a 

30 and 151b. That is, the inner bulb 4 is not inserted into 
the first and second outer pipes 150a and 1 50b from 
their small-diameter hollow portions 152a and 152b. 
Accordingly, even though the maximum outer diam- 
eter of the spherically-shaped hollow portion 42 is 

35 larger than the diameter of the small-diameter hollow 
portions 152a and 152b, it is possible to Insert the in- 
ner bulb 4 into the first and second outer pipes 150a 
and 150b. 

It should be further noted that the small-diameter 

40 hollow part 152a will be partly thermally deformed 
into the solid portion 53a of the outer tube 5, and the 
small -diameter hollow part 152b will be partly ther- 
mally deformed into the solid portion 53b of the outer 
tube 5, as will be described later. Since the diameter 

45 of the small-diameter portions 152a and 152b is small 
as described above, it becomes easier to thermally 
deform the small-diameter portions 151a and 152b 
into the solid portions 53 and 53b, relatively with re- 
spect to the case where the diameter of the outertube 

50 is large, as in the conventional discharge tube shown 
in Fig. 1 . Accordingly, it becomes possible to certainly 
form the solid portions 53a and 53b of the outer tube 
5 in a short period of time. 

It should be further noted that as apparent from 

55 Fig. 11(b), a joined portion 800 of the open ends 180a 
and 1 80b is slightly shifted form a maximum diameter 
portion 151 A of the large-diameter hollow portion 51 
which has the maximum diameter. The joined portion 
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of the outer pipes 150a and 150b is thus slightly shift- 
ed for the maximum diameter portion 151 A, for the 
following reasons: Since the jointed portion 800 of the 
outer pipes 150a and 150b may scatter the light gen- 
erated in the arc discharge chamber 42', the jointed 
portion 800 should be positioned apart from the cen- 
ter position of the arc discharge chamber 42'. In other 
words, since the jointed portion 800 may prevent the 
light generated in the arc discharge chamber 42' firom 
being effectively introduced in the forward direction, 
the jointed portion 800 should be positioned apart 
from the center position of the arc discharge chamber 
42'. In addition, in order to enhance the strength of 
the obtained outer tube 5, the area of the Jointed por- 
tion 800 of the outer pipes 150a and 150b should 
have a small value. Accordingly, the jointed portion 
should be positioned to be slightly shifted from the 
maximum diameter portion 151 A. 

In this respect, the jointed portion 800 is unnec- 
essarily positioned as shown in Fig. 11, but should be 
positioned to be shifted form the maximum diameter 
portion 151A. It should be noted, however, that it is 
necessary that the inner diameter of at least one of 
the open ends 180a and 180b should be larger than 
the maximum outer diameter D1max of the spherical- 
ly-shaped hollow portion 42 of the inner bulb 4, since 
the hollow portion 42 of the inner bulb 4 has to be in- 
serted into either one of the outer pipes 150a and 
150b through the corresponding open end. 

As shown in Fig. 11(b), the first outer pipe 150a 
is then connected to an air suction pump 25 at its 
open end 181a, so that the interior of the first and sec- 
ond outer pipes 150a and 150b which are joined with 
each other as described above may be brought into 
a vacuum state. In other words, according to the pres- 
ent method of producing the discharge tube 3, the 
small-diameter hollow part 152a of the outer pipe 
150a (the small-diameter hollow portion 52a of the 
outer tube 5) is utilized as an air intake pipe to be con- 
nected with the air suction pump 25. 

Thereafter, the small-diameter hollow parts 152a 
and 152b of the first and second outer pipes 150a and 
150b are thermally softened to be deformed into the 
solid parts 153a and 153b, respectively, as shown in 
Fig. 11(c). More specifically to say, the small- 
diameter hollow part 152a of the first outer pipe 1 50a 
is thermally softened at its area surrounding the mo- 
lybdenum foil 43Ea and the molybdenum rod 43Fa, so 
that the solid part 153a with the molybdenum foil 
43Ea and the molybdenum rod 43Fa being embed- 
ded therein is obtained. Similarly, the small-diameter 
hollow part 152b of the second outer pipe 150b is 
thermally softened at its area surrounding the molyb- 
denum foil 43Eb and the molybdenum rod 43Fb, so 
that the solid part 153b with the molybdenum foil 
43Eb and the molybdenum rod 43Fb being embed- 
ded therein is obtained. Though thermal expansion 
and thermal shrinkage are partly occurred in the 
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glass wall of the small-diameter hollow parts 152a 
and 152b during the thermal deformation operation, 
since the molybdenum foils 43Ea and 43Eb are con- 
nected to the molybdenum rods 43Fa and 43Fb, 
crack is not generated in the obtained glass solid 
parts 153a and 153b, so that an undesired gap Is not 
formed in the solid parts 153a and 153b around the 
molybdenum rods and the molybdenum foils, as de - 
scribed already. 

Accordingly, the inner bulb 4 is sealingly en- 
closed in the interior of the first and second outer 
pipes 150a and 1 50b in such a manner that the inner 
bulb 4 is supported only via the lead wires 43a and 
43b to the solid parts 153a and 153b of the first and 
second outer pipes 150a and 150b. Thus, the inner 
bulb 4 is held in the interior of the outer pipes 150a 
and 150b in such a manner that any part of the outer 
surface of the inner bulb 4 may not be contacted with 
the inner surfaces of the outer pipes 1504 and 150b 
so that the annular gap 31 may be formed between 
the outer surface of the inner bulb 4 and the inner sur- 
face of the outer pipes 150a and 150b. 

Then, the first and second outer pipes 150a and 
150b are cut at positions indicated by broken lines 
126 in Fig. 11(c), and thereafter the solid portions 53a 
and 53b of the outer tube 5. are formed from the solkj 
parts 153a and 153b while the discharge tube 3 is 
separated from the air suction pump 25. As a result, 
the discharge tube 3 with the molybdenum rods 43Fa 
and 43Fb being respectively projected from the solid 
portions 53a and 53b is obtained. In other words, the 
discharge tube as shown in Figs. 4(a) and 4(b) is ob- 
tained. 

Though the second outer pipe 150b has a closed 
end 181b in the above description, the second outer 
pipe 150b may have an open end 181 b which may be 
connected to another air suction pump. In this case, 
the air suction may be conducted not only through the 
open end 181a but also through the open end 181b. 

According to the above-described method, since 
the inner bulb is inserted into the first and second out- 
er pipes from the open ends formed on their large- 
diameter hollow parts, it Is easy to Insert the inner 
bulb into the outer pipes which are formed with the 
small-diameter hollow parts with their outer diame- 
ters being smaller than the outer diameter of the max- 
imum diameter of the inner bulb. According to the 
above-described method, therefore, the discharge 
tube of the present invention can be easily obtained. 
In addition, according to the above-described meth- 
od, the small-diameter hollow parts of the outer pipes 
are thermally deformed into the solid parts and are 
then cut out at their end portions. Since the small- 
diameter hollow parts of the outer pipes which have 
the small diameter are thus subjected to the thermal 
deformation operation and the cutting operation, it is 
easy to perform the thermal deformation operation 
and the cutting operation. 
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In addition, according to the above-described 
method, the snnall-diameter hollow part of the outer 
pipe is directly connected to the air suction pump so 
that the air is drawn out from the interior of the outer 
pipes. That is, the small-diameter hollow part of the 
outer pipe is used also as an air suction pipe during 
the discharge tube producing operation. Accordingly, 
it becomes unnecessary to provide the outer pipe 
with another air suction pipe. Therefore, it becomes 
possible to decrease the number of the steps of pro- 
ducing the discharge tube. Furthermore, the ob- 
tained discharge tube has a simple structure and 
therefore has a high strength. 

As described above, the discharge tube of the 
double-tube structure type of the present invention 
attains an improved heat accumulation property, 
since the inner bulb is supported in the outer tube 
only via the lead wires and therefore the inner bulb Is 
not contacted with the outer tube. Accordingly, it be- 
comes possible to increase the volume of the inner 
bulb, i.e., the volume of the arc discharge chamber, 
to thereby effectively preventthe Innersurfaceof the 
wall of the arc discharge chamber from being attach- 
ed with spattered matter. As a result, It becomes pos- 
sible to increase a life time of the discharge tube. 

According to the present invention, furthermore, 
the outer diameter of the small-diameter hollow por- 
tion of the outer tube to be inserted into the access 
through-hole of the reflective mirror is selected to be 
smaller than the maximum outer diameter of the 
spherically-shaped hollow portion of the inner bulb 
defining the arc discharge chamber. It is therefore 
possible to select the inner diameter of the access 
through-hole of the reflective mirror to be small rela- 
tive to the arc discharge chamber of the inner bulb 
where light emission is occurred. Accordingly, in the 
light source constructed by the discharge tube and 
the reflective mirror, it becomes possible to decrease 
a ratio, with respect to the total amount of the light 
generated In the arc discharge chamber, of the 
amount of the light radiated into the access through- 
hole. It becomes therefore possible to effectively In- 
troduce the light generated in the arc discharge 
chamber forwardly of the light source. 

In addition, the discharge tube is combined with 
the reflective minor into the light source in such a 
manner that the access through-hole may be posi- 
tioned completely within the shadow space area of 
the discharge tube. Accordingly, it becomes possible 
to decrease a loss of the intensity of the light as small 
as possible to such an amount that is inherently oc- 
curred due to the structure of the discharge tube. 
Thus, according to the light source of the present in- 
vention, it becomes possible to effectively introduce 
light onto the LC display panel with a low amount of 
light intensity loss so that a large intensity of light may 
be irradiated on the LC display. 

While the present invention has been described 



in detail and with reference to the specific embodi- 
ment thereof, it will be apparent to one skilled in the 
art that various changes and modifications can be 
made therein without departing from the spirit and 

5 scope thereof. 

For example, in the above-described embodi- 
ment of the discharge tube of the present invention, 
tti ^ maximum outer diameter of the spherically-shap- 
ed hollow portion 42 of the inner bulb 4 is selected to 

10 be equal to or larger than both the diameter of the 
small-diameter hollow portions 52a and 52b of the 
outer tube 5, but the maximum outer diameter of the 
spherically-shaped hollow portion 42 may be select- 
ed to be equal to or larger than only the diameter of 

15 the small-diameter hollow portion 52a of the outer 
tube 5 which is to be inserted into the access hole 21 
of the reflective mirror 2. 

In place of the nickel buffer wire 43Cb, a buffer 
wire formed of molybdenum may be utilized. 

20 Furthermore, the method of producing the dis- 

charge tube of the present invention is not limited to 
the above-described method. For example, an air 
suction pipe may be previously integrally formed on 
a peripheral side surface of at least one of the outer 

25 pipes 150a and 150b. In this case, the air suction op- 
eration for the outer pipes are operated by connecting 
the air suction pump 25 to the air suction pipe provid- 
ed on the outer pipe. Thereafter, the air suction pipe 
formed on the outer pipe is thermally deformed at its 

30 base portion to be cut into a chip portion. 



Claims 

35 1. A discharge tube (3) for emitting light, comprising: 
an inner bulb (4) including a hollow portion 
for defining therein an arc discharge chamber 
which encloses therein gas for emitting light, said 
inner bulb further including a pair of electrodes 

40 (41 a,41 b) and a pair of metal members (43) each 

of which is connected to a corresponding one of 
the pair of electrodes (41a,41 b), the pair of elec- 
trodes being projected in the arc discharge cham- 
ber from said inner bulb (4) and the pair of metal 

45 members (43) being projected outwardly of said 

inner bulb (4), the hollow portion having an outer 
diameter of a first value; and 

an outer tube (5) for sealingly enclosing 
therein the inner bulb (4), said outer tube includ- 

50 ing a small-diameter portion (52) having an outer 

diameter of a second value which is equal to or 
smaller than the first value, 

wherein said inner bulb (4) is held in the in- 
terior of said outer tube (5), with a gap being 

55 formed between an outer surface of said inner 

bulb and an inner surface of said outer tube, in 
such a manner that said outer tube supports the 
metal members projected outwardly of said inner 

14 



<EP p533325A1_L> 



27 



EP 0 533 325 A1 



28 



bulb. 



2. The discharge tube as claimed in claim 1 . wherein 
said inner bulb (4) further includes a solid portion 
(44) for supporting at least one of the pair of elec- 5 
trodes and for supporting at least one of the pair 

of metal members connected to the at least one 
of the pair of electrodes, the at least one of the 
pair of electrodes being projected Inside of the 
arc discharge chamberfrom the solid portion and io 
the at least one of the pair of metal members be- 
ing projected outwardly of said inner bulb from the 
solid portion, 

and wherein said outer tube Includes a 
large-diameter hollow portion and a small- 15 
diameter hollow portion which are continuously 
connected with each other, said outer tube en- 
closing therein said inner bulb in such a manner 
that the targe-diameter hollow portion receives 
therein the hollow portion of said inner bulb, with 20 
a gap being formed between an outer surface of 
the hollow portion of said Inner bulb and an Inner 
surface of the large-diameter hollow portion of 
said outer tube, and the small-diameter hollow 
portion receives therein the solid portion of said 25 
inner bulb and the metal member projected from 
the solid portion, with a gap being formed be- 
tween an outer surface of the solid portion of said 
Inner bulb and an inner surface of the small- 
diameter hollow portion of said outer tube, said 30 
small-diameter hollow portion having an outer di- 
ameter of the second value which is equal to or 
smaller than the first value. 

3. The discharge tube as claimed in Claim 2, where- 35 
in the solid portion of said inner bulb has an outer 
diameter of a third value, and wherein the large- 
diameter hollow portion of said outer tube has an 
inner diameter of a fourth value which is larger 
than the first value so that a gap may be formed 40 
between an outer surface of the hollow portion of 
said inner bulb and an inner surface of the large- 
diameter hollow portion of said outer tube, and 

the small-diameter hollow portion of said outer 
tube has an inner diameter of a fifth value which 45 
is larger than the third value so that a gap may 
be formed between an outer surface of the solid 
portion of said inner bulb and an inner surface of 
the small-diameter hollow portion of said outer 
tube. 50 

4. The discharge tube as claimed in Claim 2, said 
outer tube further includes a solid portion which 
is continuously connected to the small-diameter 
hollow portion, the solid portion of said outer tube 55 
supporting the metal members projected out- 
wardly of said inner bulb, to thereby hold said in- 
ner bulb in the interior of the large-diameter hol- 



- low portion and the small-diameter hollow por- 
tion of said outer tube, with a gap being formed 
between the outer surface of the Inner bulb and 
the inner surface of the outer tube. 

5. The discharge tube as claimed In Claim 1, 

wherein said inner bulb further includes a 
pair of solid portions each for supporting a cor- 
responding one of the pair of electrodes and each 
for supporting a corresponding one of the pair of 
metal members connected to the corresponding 
one of the pair of electrodes, the pair of electro- 
des being projected inside of the arc discharge 
chamber from the corresponding solid portions 
and the pair of metal members being projected 
outwardly of said inner bulb from the correspond- 
ing solid portions, 

and wherein said outer tube includes a 
large-diameter hollow portion and a pair of small- 
diameter hollow portions which are continuously 
connected with one another, said outer tube en- 
closing therein said Inner bulb in such a manner 
that the large-diameter hollow portion receives 
therein the hollow portion of said inner bulb, with 
a gap being formed between an outer surface of 
the hollow portion of said inner bulb and an inner 
surface of the large-diameter hollow portion of 
said outer tube, and each of the pair of small- 
diameter hollow portions receive therein a corre- 
sponding one of the pair of solid portions of maid 
inner bulb and a corresponding one of the pair of 
metal members projected from the correspond- 
ing one of the pair of solid portions, with a gap be- 
ing formed between an outer surface of the cor- 
responding solid portion and an inner surface of 
the corresponding small-diameter hollow por- 
tion, said small-diameter hollow portion having 
an outer diameter of the second value which is 
equal to or smaller than the first value. 

6. The discharge tube as claimed in Claim 5, where- 
in the pair of solid portions of said inner bulb has 
an outer diameter of a third value, and wherein 
the large-diameter hollow portion of said outer 
tube has an inner diameter of a fourth value 
which is larger than the first value be that a gap 
may be formed between an outer surface of the 
hollow portion of said inner bulb and an inner sur- 
face of the large-diameter hollow portion of said 
outer tube, and the pair of small-diameter hollow 
portions has an inner diameter of a fifth value 
which is larger than the third value so that a gap 
may be formed between an outer surface of each 
of the solid portion of said inner bulb and an inner 
surface of the corresponding small-diameter hol- 
low portion of said outer tube, and at least one of 
the pair of small-diameter hollow portions has an 
outerdiameterof the second value which is equal 
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to or smaller than the first value. 

7- The discharge tube as claimed in Claim 5, where- 
in said outer tube further includes a pair of solid 
portions each of which is continuously connected 
to a corresponding one of the pair of small- 
diameter portions, each of the pair of solid por- 
tions of said outer tube supporting the metal 
member projected from a corresponding one of 
the pair of solid portions of said inner bulb which 
is received in a corresponding one of the pair of 
small-diameter hollow portions connected to the 
each of the pair of solid portions of said outer 
tube, to thereby hold said inner bulb in the interior 
of the large-diameter hollow portion and the pair 
of small-diameter hollow portions of said outer 
tube, with a gap being formed between the outer 
surface of the inner bulb and the inner surface of 
the outer tube. 

8. A light source for emitting light in a desired direc- 
tion, comprising: 

a discharge tube according to any preced- 
ing claim; and 

a reflective mirror having a through-hole 
for receiving therein the small-diameter portion 
or one of the pair of small diameter portions of the 
outer tube of said discharge tube. 

9. The light source as claimed In Claim 8, wherein 
said discharge tube is attached to said reflective 
mirror in such a manner that the through-hole of 
said reflective mirror may be positioned within a 
shadow space area where light having passed 
through a portion of the Inner bulb having a light 
transmittance of a low value is reached. 

10. The light source as claimed in Claim 8 or 9, when 
directly or Indirectly dependent on claim 2 or 5, 

wherein said discharge tube is attached to 
said reflective mirror in such a manner that a 
small -diameter hollow portion of the outer tube is 
inserted into and fixed to the through-hole of said 
reflective mirror, the through- hole having an in- 
ner diameter of a sixth value which is equal to or 
slightly larger than the second value. 

11. The light source as claimed in Claim 10, wherein 
said discharge tube is attached to said reflective 
mirror in such a manner that the through-hole of 
said reflective mirror may be positioned within a 
cone-shaped shadow space area which is deter- 
mined by its generating line which is defined by 
such as imaginary line as connecting a tip end of 
an electrode supported in the solid portion, or 
one of the pair of solid portions, and a boundary 
portion between the hollow portion and the solid 
portion of the inner bulb. 



12. A method of producing a discharge tube, com- 
prising the steps of: 

preparing an inner bulb including a hollow 
portion for defining therein an arc discharge 

5 chamber enclosing therein gas for emitting light, 

the inner bulb further including a pair of electro- 
des exposed in the arc discharge chamber and a 
paii^ of metal members connected to a corre- 
sponding one of the pair of electrodes in such a 

10 manner that the pair of metal members are pro- 

jected outwardly of the inner bulb, the hollow por- 
tion having an outer diameter of a first value; 

preparing a first outer pipe having a large- 
diameter hollow part and a small-diameter hollow 

15 part continuously connected with each other, the 

small-diameter hollow part having an outer diam- 
eter of a second value which is equal to or smaller 
than the first value, the first outer pipe having a 
first and second open ends at the large-diameter 

20 hollow partand at the small-diameter hollow part, 

respectively; 

preparing a second outer pipe having a 
large-diameter hollow part and a small-diameter 
hollow part continuously connected with each 

25 other, the second outer pipe having an open end 

and a closed end at the large-diameter hollow 
part and at the small-diameter hollow part, re- 
spectively; 

connecting the first and second outer 

30 pipes, with the first open end of the first outer 

pipe facing the open end of the second outer 
pipe, to thereby continuously connect the large- 
diameter hollow parts of the first and second out- 
erpipes, insuchamannerthatthe inner bulb may 

35 be positioned in the interior of the thus connected 

first and second outer pipes so that the hollow 
portion of the inner bulb may be received in at 
least one of the large-diameter hollow parts of 
the first and second outer pipes and the pair of 

40 metal members projected outwardly of the inner 

bulb may be received in the small-diameter hol- 
low parts of the first and second outer pipes; 

drawing air from the interior of the thus 
connected first and second outer pipes through 

45 the second open end of the first outer pipe; 

deforming portions of the small-diameter 
hollow parts of the first and second outer pipes 
surrounding the metal members projected out- 
wardly of the inner bulb into solid parts with the 

50 metal members being embedded therein; and 

cutting the thus formed solid parts, to 
thereby obtain a discharge tube in which the in- 
ner bulb is sealingly enclosed in an outer tube in 
such a manner that the hollow portion of the in- 

55 ner bulb may be received in the large-diameter 

part of the outer tube and the metal members 
projected outwardly of the inner bulb may be re- 
ceived in the solid parts, with a gap being formed 

16 
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between an outer surface of the inner bulb and 
an inner surface of the outer tube. 

13. The discharge tube producing method as claimed 

in Claim 12, wherein the hollow portion of the in- 5 
ner bulb is received in the large-diameter part of 
the first outer pipe and wherein an inner diameter 
of the large-diameter part of the first outer pipe 
has a fourth value which is larger than the first 
value so that a gap may be formed between the io 
outer surface of the inner bulb and the inner sur- 
face of the outer tube. 

1 4. The discharge tube producing method as claimed 

in Claim 1 3, 15 

wherein the inner bulb further includes a 
solid portion for supporting at least one of the 
pair of electrodes and for supporting at least one 
of the pair of metal members connected to the at 
leastoneof the pair of electrodes, the at least one 20 
of the pair of electrodes being projected inside of 
the arc discharge chamber from the solid portion 
and the at least one of the pair of metal members 
being projected outwardly of the inner bulb from 
the solid portion, the solid portion of the inner 25 
bulb having an outer diameter of a third value, 

and wherein the first and second outer 
pipes are connected to each other in such a man- 
ner that the solid portion of the inner bulb may be 
received in the small-diameter hollow part of the 30 
first outer pipe and the portion of the small- 
diameter hollow part of the first outer pipe sur- 
rounding the metal member projected from the 
solid portion of the inner bulb is deformed into the 
solid part, the small-diameter hollow part of the 35 
first outer pipe having an inner diameter of a fifth 
value which is larger than the third value so that 
a gap may be formed between an outer surface 
of the solid portion of the inner bulb and an inner 
surface of the small-diameter hollow portion of 40 
said outer tube. 

1 5. The discharge tube producing method as claimed 
in Claim 13, 

wherein the inner bulb further includes a 45 
pair of solid portions each for supporting a cor- 
responding one of the pairof electrodes and each 
for supporting a corresponding one of the pairof 
metal members connected to the corresponding 
one of the pair of electrodes, the pair of electro- 50 
des being projected inside of the arc discharge 
chamber from the corresponding solid portions 
and the pair of metal members being projected 
outwardly of the inner bulb from the correspond- 
ing solid portions, the pairof solid portions of the 55 
inner bulb having an outer diameter of a third val- 
ue, 

and wherein the first and second outer 



pipes are connected to each other in such a man- 
ner that the pairof solid portions of the inner bulb 
and the pair of metal members projected there- 
from may be received in the pair of small- 
diameter hollow parts of the first and second out- 
er pipes, respectively, and the portion of the 
small-diameter hollow part of the first outer pipe 
surrounding the metal member projected firom 
the corresponding solid portion of the inner bulb 
is deformed into the solid part, the small- 
diameter hollow part of the first outer pipe having 
an inner diameter of a fifth value which is larger 
than the third value so that a gap may be formed 
between an outer surface of the solid portion of 
the inner bulb and an inner surface of the small- 
diameter hollow part of the outer pipe, the large- 
diameter hollow part of the first outer pipe having 
an inner diameter of a fourth value which is larger 
than the first value so that a gap may be formed 
between an outer surface of the hollow portion of 
the inner bulb and an inner surface of the iarge- 
diameter hollow part of the first outer pipe. 

16. The discharge tube producing method as claimed 
in Claim 15, 

wherein the small-diameter hollow part of 
the second outer pipe has an outer diameter hav- 
ing the second value. 

17. A method of producing a discharge tube, com- 
prising the steps of: 

preparing an inner bulb including a hollow 
portion for defining therein an arc discharge 
chamber enclosing therein gas for emitting light, 
the inner bulb further including a pair of electro- 
des exposed in the arc discharge chamber and a 
pair of metal members connected to a corre- 
sponding one of the pair of electrodes in such a 
manner that the pair of metal members arc pro- 
jected outwardly of the inner bulb, the hollow por- 
tion having an outer diameter of a first value; 

preparing a first outer pipe having a large- 
diameter hollow part and a small-diameter hollow 
part continuously connected with each other, the 
smail-diameter hollow part having an outer diam- 
eter of a second value which is equal to or smaller 
then the first value, the first outer pipe having a 
first and second open ends at the large-diameter 
hollow part and at the small-diameter hollow part, 
respectively; 

preparing a second outer pipe having a 
large-diameter hollow part and a small-diameter 
hollow part continuously connected with each 
other, the second outer pipe having first and sec- 
ond open ends at the large-diameter hollow part 
and at the small-diameter hollow part, respec- 
tively; 

connecting the first and second outer 
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pipes, with the first open end of the first outer 
pipe facing the first open end of the second outer 
pipe, to thereby continuously connect the large- 
diameter hollow parts of the first and second out- 
er pipes, in such a manner that the Inner bulb may 5 
be positioned in the interior of the thus connected 
first and second outer pipes so that the hollow 
portion of the inner bulb may be received in at 
least one of the large-diameter hollow parts of 
the first and second outer pipes and the pair of io 
metal members projected outwardly of the inner 
bulb may be received in the small-diameter hol- 
low parts of the first and second outer pipes; 

drawing air from the interior of the thus 
connected first and second outer pipes through is 
the second open endsof the first and second out- 
er pipes; 

deforming portions of the small-diameter 
hollow parts of the first and second outer pipes 
surrounding the metal members projected out- 20 
wardly of the inner buib into solid parts with the 
metal members being embedded therein; and 

cutting the thus formed solid parts, to 
thereby obtain a discharge tube in which the in- 
ner bulb is sealingiy enclosed in an outer tube In 25 
such a manner that the hollow portion of the in- 
ner bulb may be received in the iarge-diameter 
part of the outer tube and the metal members 
projected outwardly of the inner bulb may be re- 
ceived in the solid parts, with a gap being 30 
formed between an outer surface of the inner 
bulb and an inner surface of the outer tube. 
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